Objective. The aim of this study was to develop a grading scale for predicting the 30-day mortality of spontaneous intracerebral hemorrhage (ICH) using initial evaluation data.
Introduction
Advances in medical treatment and the spectrum of surgical interventions in recent years have altered the prognosis of patients with cerebral infarction and subarachnoid hemorrhage [1 -2] . However, spontaneous intracerebral hemorrhage (ICH), which accounts for 10 -20% of all strokes, is still the deadliest, most disabling and least treatable type of stroke [3 -5] . At present, there is no proven therapy for improving the outcome after ICH [3] . Previous studies showed that surgical evaluation in ICH yielded negative or inconclusive results [6 -9] . Similarly, no current medical treatment has been shown to provide benefit to patients with ICH [10 -12] . Given the limited therapeutic options for these patients, risk-stratification models, based on pre-operative patient and disease characteristics, are useful for providing patients with an insight into the potential risk of complications and mortality. These models ultimately aid in the clinical decision for surgical versus non-surgical therapy, and are useful in comparing the quality of care between different surgeons and hospitals.
A number of prognostic models for patients with ICH have been proposed [6, 13 -21] . These models include neurological conditions, clinical parameters, laboratory results and neuroimaging findings. However, most of the models require complex algebraic calculations and are not userfriendly. Hemphill et al. [21] first proposed the grading scale for predicting mortality in ICH patients, known as the ICH score. It is an additive rating scale and can be easily and quickly determined in patients with ICH. Since that time, several multifactorial risk scores were developed to predict outcomes after ICH [19 -20, 22 -23] . Nevertheless, these score systems were derived from socioeconomically and geographically different countries. Our study was aimed at developing a grading scale to predict 30-day mortality in patients with ICH. Furthermore, we also compared the discrimination of our model with the ICH score and ICH-GS [20] .
Methods

Data collection
After receiving approval from our institutional review board, we retrospectively studied 304 patients admitted to the Taichung Veterans General Hospital who were diagnosed with spontaneous ICH within 24 h of stroke onset, during a 2-year period (1 January 2006 to 31 December 2007). All of these patients were attended in the neurointensive unit for further treatment. The aim of our study was to develop a prognostic model for use at the time of the first evaluation. Therefore, only patients who were admitted to our hospital for an initial evaluation of ICH were included. Patients with hematologic or coagulation disorders were excluded to avoid a selection bias. After excluding 11 patients who had leukemia, 293 patients were analyzed for prediction of 30-day mortality. Information on these patients was collected from the database of electronic health records. Data collected included demographic information, medical history, initial evaluation (including vital signs, laboratory data and radiographic findings) and hospital course. Direct patient identifiers were not collected as part of the data set, due to privacy considerations. Since our study did not address patient care intervention, obtaining written informed consent was not necessary.
All variables used for the development of our simplified scale were extracted from data available at the time of the initial evaluation. The potential predictors were selected according to criteria used in previous studies [24] . These included both clinical factors (age, medical history, level of consciousness, blood pressure and pulse pressure) and radiographic variables (hematoma volume, presence of intraventricular hemorrhage, location of hemorrhage, hydrocephalus and pineal shift). Laboratory data included hemoglobin and serum glucose levels collected at the first evaluation. The diagnosis of ICH was confirmed by head computed tomography (CT) within 24 h of admission. The medical history, including conditions such as hypertension, diabetes mellitus (DM), anemia, dialysis dependency, previous stroke and ischemic heart disease, was defined by patient self-reports and medical treatment received. Pulse pressure was defined as systolic blood pressure minus diastolic blood pressure on admission. The level of consciousness was evaluated by the Glasgow Coma Scale (GCS). ICH hematoma volume was measured on the initial head CT scan using the ABC/2 method (A is the greatest diameter on the largest hemorrhage slice, B is the diameter perpendicular to this and C is the approximate number of axial slices with hemorrhage multiplied by the slice thickness) [25] . The primary outcome of interest was the chance of the 30-day hospital mortality.
Construction of a grading scale
The initial evaluation data of the patients were used to build our simplified ICH score (sICH score) for outcome prediction of ICH. First, the potential risk factors were chosen by univariate analysis (P , 0.1). Next, these predictors were further screened by using a forward, stepwise selection procedure (P , 0.05) to retain the logistic regression model. The sICH score was constructed with the use of predictors associated with the 30-day mortality in the logistic regression model, where weighting was based on the strength of independent association with the specified parameter. The sICH score was generated by allocating points to each category based on their participation in the prediction of mortality. The points of the grading scale were determined according to the ranking of the independent association strength of the specified parameter. The predictor with the smallest weighting was allocated one point, and the points of the other predictors increased one point in turn.
Statistical analysis
All statistical analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were compared using Student's t-test, and categorical variables were compared using Pearson's chi-squared test, in the univariate analysis. All tests were two tailed.
The multifactorial risk score was determined for each patient according to the sICH score, ICH-GS and ICH score [20] [21] . Stratified 10-fold cross validation was used to evaluate the performance of these grading scales [26] . The original sample (n ¼ 293) is partitioned into 10 approximately equal subsamples. The cross-validation process is then repeated 10 times, with each of the 10 subsamples used exactly once as the validation data. These three models were used to make predictions from the validation set, and their discrimination was determined by measuring the accuracy (number of correct predictions/total number of predictions), sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), likelihood ratios for positive and negative predictions, and the area under the receiver operating characteristic (ROC) curves (AUC). A single estimation was calculated using the weighted average of the results from the 10 validating sets.
ROC analysis estimates a curve that describes the inherent trade-off between sensitivity and specificity of a prediction tool. In this study, a cut-off value corresponding to the highest Youden index was selected to report the sensitivity and specificity of each prediction tool. The AUC is a particularly important metric for evaluating prediction tools, because it is the average sensitivity of all possible specificities. The AUC ranges from 0 to 1, with an area of 1 representing perfect discrimination and an area of 0.5 representing that expected by chance alone. In our analysis, an AUC between 0.7 and 0.8 was classified as 'acceptable' and one between 0.8 and 0.9 as 'excellent'.
The performance of the sICH score was compared with ICH-GS and ICH score by using pairwise comparison of ROC curves [27] . The McNemar test was used to compare the sensitivities and specificities of the sICH score, ICH-GS and ICH score. Because the McNemar test and pairwise comparison of ROC curves cannot be performed by using the weighted averages of the sensitivities, specificities or AUCs, we used the predicted results from the 10 validating sets to carry out these tests. The statistical significance for pairwise comparisons and McNemar test among three models was defined as P value , 0.05.
Calibration with goodness-of-fit can evaluate the degree of correspondence between outcome frequencies produced by prediction models and actual observation. This was measured by the Hosmer-Lemeshow goodness-of-fit statistic, which divides subjects into deciles based on predicted probabilities, and then computes a chi-squared statistic from observed and expected frequencies. A statistically good fit was defined as a P value of .0.05.
Results
Of the 293 patients admitted with a diagnosis of spontaneous ICH, the overall 30-day mortality rates were 13.7%. The mean age was 60.6 + 16.7 years and the mean duration of hospital stay was 27.0 + 21.9 days. The characteristics of the patients are presented in Table 1 . Table 1 also shows the variables in relation to 30-day mortality of spontaneous ICH by univariate analysis. There were eight variables, including age .80 years, history of hypertension, dialysis dependency, GCS score, site of ICH, ICH volume .30 ml, hemoglobin ,12 g/dl and serum glucose levels with a P-value of ,0.10. Significant risk factors selected by univariate analysis were further evaluated by logistic regression analyses with forward, stepwise selection procedures. Only five predictors, including age, hypertension, GCS score, serum glucose and dialysis dependency showed statistical significance (P , 0.05) in the multivariate analysis. Dialysis dependency (odds ratio ¼ 52.1) and GCS score of 3 or 4 (odds ratio ¼ 59.5) were the strongest predictors Data are presented as mean + standard deviation or number (%).
Predicting mortality in ICH associated with a 30-day mortality following ICH. Results of the logistic regression analysis are shown in Table 2 . These variables, chosen from logistic regression, were used to construct the sICH score. The five predictors, determined to be independent predictors of the 30-day mortality, were each assigned points on the basis of the strength of association with outcome. Table 3 indicates the specific point assignments used in calculating the sICH score. The discrimination of the logistic regression model and the sICH score in the training set (n ¼ 217) was measured by ROC analysis. A sICH score of 7 was used as the cut-off value. The AUC of the logistic regression model was 0.91, and that of the sICH score was 0.89. The HosmerLemeshow goodness-of-fit test was 0.55 by the logistic regression model and 0.34 according to the sICH score. Therefore, simplifying the logistic regression model in a way the makes it comparable to the sICH score, does not decrease its discriminating power.
The ROC curve and the trend of the mortality for sICH score were showed in Fig. 1 . The AUC of the ICH score was 0.74, whereas the AUC of the ICH-GS was 0.74 and that of the sICH score was 0.89. Table 4 shows the performance of the ICH score, ICH-GS and the sICH score. The pairwise comparison of AUCs showed that the sICH performed significantly better than the ICH score and the ICH-GS (P , 0.05). In addition, the sICH has significantly higher sensitivity and specificity than those of the other two scores (P , 0.05). The Hosmer-Lemeshow goodness-of-fit statistics for Figure 1 (A) ROC curves for the sICH score, ICH score and ICH-GS. (B) The sICH score and 30-daymortality. Thirty-day mortality increases as ICH score increases. No patient in the study had an ICHscore of 11 or 12, although this would be expected to be associated with mortality.21 Â 11 mm (600 Â 600 DPI).
all these three models were not significant (P . 0.05), indicating little departure from a perfect fit.
Discussion
Risk stratification for neurological disorders has become more important, especially with respect to the evaluation and management of patients with traumatic brain injury or various types of stroke. Examples of widely used clinical grading scales include the GCS for traumatic brain injury, the Hunt -Hess and World Federation of Neurological Surgeons (WFNS) scales for aneurysmal subarachnoid hemorrhage, the National Institutes of Health Stroke Scale (NIHSS) for ischemic stroke and the Spetzler-Martin scale for arteriovenous malformations [28 -32] . Quantification of the risk allows: (i) assessment of the risks of surgical versus conservative treatment; (ii) physicians to advise patients of their preoperative risk; (iii) comparison of outcome and cost analysis between institutions and physicians; (iv) quality monitoring by comparison of outcomes from year to year, or before and after a change in practice; and (v) clinical decision-making based on risk and predicted cost. Although present medical resources are limited, the demand for medical services is rapidly increasing. Therefore, it is very important to identify patients who would benefit from aggressive treatment. However, despite the common occurrence and high mortality of ICH, there is no common risk grading scale for ICH. Although prognostic models for mortality due to ICH are available [6, 13 -16, 23] , there was no simple, clinical grading scale for ICH until the original ICH score was proposed [21] . However, most reports that have evaluated prediction models for ICH focus on the issue of internal validity but exclude the important issue of external validity [6, 13 -16, 21, 23] . The performance of prediction models is generally better when the original data set, for which the model was constructed (derivation set), is used, as compared with a new data set (validation set). This is especially true for small data sets. Therefore, we used cross validation to avoid overestimation of the sICH score when compared with the performance of the ICH-GS and ICH score. We did not make comparison with the scores proposed by Godoy et al. since the Graeb's score was not used for consciousness evaluation in our hospital.
In our study, the mortality rate of SICH was obviously lower than those of previous reports [17, 19 -23, 33] . Younger age of our population may be one cause of this difference, but there may be other unmeasured differences between our study population and those of previous studies and these may explain why the ICH score and ICH-GS had lower predictive performance than those in the original study [20 -21] . Our study does not have an external validation; hence, we were not able to give an assurance that the sICH score would perform as well at another institution. Additional studies would be helpful to provide an external validation of our findings.
Previous studies have found several characteristics associated with mortality of spontaneous ICH [24] . Among these various predictors, the level of consciousness at the time of hospital admission (often assessed as the GCS score), intraventricular hemorrhaging and hematoma volume are the most commonly mentioned outcome predictors [13, 15, 18, 21 -23] . In our study, intraventricular hemorrhaging and hematoma volume were not considered to be independent predictors of mortality. This may be explained by the following two reasons. First, the presence of an intraventricular hemorrhage did not represent the severity of ICH, since the actual amount of hemorrhaging was difficult to measure. Second, the hematoma volume, calculated by the ABC/2 method, is very imprecise because the shape of the hematoma is usually irregular and the actual volume is hard to estimate. A poor level of consciousness on admission was strongly associated with mortality; comatose conditions indicate a direct involvement of the reticular activating system in the brainstem tegmentum or elevated intracranial pressure with increased damage to the brain. Despite the coordination of their care with nephrologists, patients with uremia and dialysis dependency still had a poor outcome due to their tendency to bleed. Many ICH patients have chronic hypertension. This can increase the lower limit of cerebral blood flow autoregulation and may impair cerebral perfusion in patients with elevated intracranial pressure, raising the risk of death after ICH. Hyperglycemia has not been previously identified as a risk factor. Nevertheless, Song et al. [34] evidence that hyperglycemia may aggravate brain edema with neural cell death in an experimental rat ICH model. In summary, a good predictive model for spontaneous ICH can permit standardization of assessment and prognostication, and improve communication among healthcare providers. It can also allow risk stratification for treatment selection in clinical care, enrollment in clinical trials and studies of the quality of care. The sICH score showed better discrimination than the ICH score, with respect to external validation. In addition, our scoring system is accurate and can easily be used by physicians without special training in neurology or radiology. For these reasons, the sICH score appears to be a much improved model for use in clinical risk stratification of patients with spontaneous ICH.
